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Herbal medicine Sho-saiko-to (TJ-9) prevents liver fibrosis and 
enzyme-altered lesions in rat liver cirrhosis induced by a choline-deficient 

L-amino acid-defined diet 

Isao Sakaida 1 , Yasuhiro Matsumura', Shinta Akiyama 2 , Koji Hayashi 2 , Atsushi Ishige 2 and 

Kiwamu Okita 1 

1 First Department of Internal Medicine. School of Medicine. Yamaguchi University. Yamaguchi ami 'Tswmtra <S Co.. Tokyo. Japan 



Background/Aim: A herbal medicine, Sho-saiko-to 
(TJ-9), has recently been orally administered to pa- 
tients with chronic liver disease in Japan and has 
been reported to inhibit the development of hepato- 
cellular carcinoma. The aim of this study was to in- 
vestigate whether TJ-9 has an inhibitory effect on 
the development of preneoplastic lesions and liver 
fibrosis in rats. 

Methods: The effects of the TJ-9 were examined 
using the choline-deficient L-amino acid-defined 
(CDAA) diet-induced liver fibrosis model in 1 ^week- 
old male Wistar rats. 

Results: TJ-9 (1% w/w) prevented fibrosis as indi- 
cated by reduced hydroxyproline content in the liver 
and inhibition of the increase in a serum marker of 
fibrosis (hyaluronic acid), without reducing the in- 
crease in serum alanine aminotransferase and aspar- 
tate aminotransferase. TJ-9 also reduced the express- 



ion of type III procollagen alpha 1 mRNA in the liver, 
as well as the proliferation of myofibroblast-like cells 
(activated stellate cells, activated Ito cells). Further- 
more, TJ-9 reduced the number of preneoplastic 
lesions, detected as enzyme-altered (glutathione S- 
transferase placental form-positive) lesions, in the 
liver. 

Conclusions: These results indicate that the herbal 
medicine Sho-saiko-to (TJ-9) prevents fibrosis as well 
as preneoplastic lesions, not by inhibiting hepatocyte 
cell death but by inhibiting the activation of stellate 
cells, which are considered to be the main collagen- 
producing cells, leading to a reduction in the develop- 
ment of preneoplastic lesions. 



Key words: Carcinogenesis; Fibrosis; Herbal medi- 
cine; Preneoplastic lesion; TJ-9. 



Interferon a and ft have been studied as possible 
therapeutic agents for the eradication of virus in 
patients with chronic viral hepatitis, thus preventing 
liver fibrosis. However, the results of such studies have 
generally been unsatisfactory. Chronic viral hepatitis 
(especially type C) in Japan (I) and hemochromatosis 
lead to the development of hepatocellular carcinoma, 
usually in a fibrotic or cirrhotic liver (2). 

A herbal medicine, Sho-saiko-to (TJ-9), has recently 
been orally administered to patients with chronic liver 
disease in Japan and has been found to inhibit the de- 
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velopment of hepatocellular carcinoma (3). Recent in 
vivo and in vitro studies have reported its effects as an 
anti-tumor drug and as a biological response modu- 
lator (4-7). We have reported that the prevention of 
fibrosis may reduce the possibility of developing hepa- 
tocellular carcinoma by inhibiting the activation of 
stellate (Ito or fat-storing) cells, which are considered 
the main collagen-producing cells, in rat liver cirrhosis 
induced by administering a choline-deficient L-amino 
acid-defined (CDAA) diet (8-10). 

In the present study, using this CDAA-diet model, 
we investigated the mechanism and effects of TJ-9 on 
the extent of liver fibrosis and preneoplastic lesions as 
assessed by enzyme-altered lesions. Our results showed 
that TJ-9 prevented liver fibrosis and the development 
of preneoplastic lesions by directly inhibiting the acti- 
vation of stellate cells. 
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Materials and Methods 

Animals 

Male Wistar rats, 6 weeks of age and weighing 140- 
150 g, (Nippon SLC Co., Ltd., Shizuoka, Japan), were 
obtained, quarantined for 1 week, and housed in a 
room under controlled temperature (25°C), humidity, 
and lighting (12 h light, 12 h dark). Access to food and 
tap water was ad libitum throughout the study period. 
After a 1-week acclimatization period on a basal diet 
(Oriental MF Diet, Oriental Yeast Company, Japan), 
the rats were divided into experimental groups. 

Diets 

The choline-deficient L-amino acid-defined (CDAA) 
and choline-supplemented L-amino acid-defined 
(CSAA) diets were obtained in powdered form (Dyets, 
Inc., Bethlehem, PA, USA; product numbers 518753, 
518754). The detailed compositions of these diets have 
been described in previous reports (8-10). Briefly, the 
amino acid composition of the CDAA and CSAA diets 
consisted of only pure L-amino acids (with the exception 
of glycine, which is not optically active). All diets con- 
tained 50 g/kg of corn oil and 100 g/kg of Primex as a 
lipid source. The average caloric contents of the CDAA 
and CSAA diets were 4.32 and 4.27 kcal/g, respectively. 
The CDAA diet contained 6.5 mg/kg of choline and 1 .75 
g/kg of methionine. The CSAA diet was supplemented 
with 14.48 g/kg of choline. The total amino acid (pro- 
tein) contents of the CDAA and CSAA diets were the 
same. TJ-9 in powdered form was mixed uniformly into 
the CDAA or CSAA diet at 1% (w/w) concentration. 

The bioavailable choline in 1% (w/w) TJ-9 was 17.8 
mg/kg of choline bitartrate, as measured by high-per- 
formance liquid chromatography (HPLC). We there- 
fore added 17.8 mg/kg of choline bitartrate to the 
CDAA diet to obtain a modified CDAA (m-CDAA) 
diet. Diets with or without TJ-9 were stored at 4°C 
immediately after preparation and were consumed 
within 2 weeks. 

Experimental protocol 

The total study period was 16 weeks. The 5 experimen- 
tal groups for assessing the effect of TJ-9 on hydroxy- 
proline content comprised 30 or 10 rats each, with rats 
housed 5 per cage. Three groups of 30 rats each re- 
ceived a CDAA diet alone, an m-CDAA diet alone, or 
a CDAA diet containing 1% TJ-9. Two groups of 10 
rats each received a CSAA diet with or without 1% TJ- 
9. In order to equalize the total food intake in all 
groups, additional food was not supplied until all food 
in all groups had been consumed. 

Net food intake of the CDAA, m-CDAA, and 
CDAA+1% TJ-9 diets was measured and the 
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mean±SD of total food intake was calculated for each 
cage of 5 rats over 16 weeks. For rats fed a CSAA or 
CSAA +1% TJ-9 diet, the mean total food intake over 
16 weeks for 2 cages was measured. 

At the end of the study, all rats were killed under 
ether anesthesia. Blood was obtained from the bifurca- 
tion of the abdominal aorta and the liver was excised. 
The livers were weighed, then immediately frozen for 
hydroxyproline measurements or fixed in 10% formalin 
for 24 h and embedded in paraffin for type III colla- 
gen, cr-smooth muscle actin, and glutathione S-trans- 
ferase placental form (GST-P) staining. 

Serum markers 

After 16 weeks, serum alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), and hyalu- 
ronic acid levels were determined using a previously 
reported assay (10). 

Histology and immunohistochemical examination 
Sections of 5-/*m thickness of the right lobe of all rat 
livers were processed routinely for hematoxylin and 
eosin staining. Type HI collagen, a-smooth muscle ac- 
tin for the detection of activated stellate cells, and 
GST-P-positive lesions (as preneoplastic lesions) were 
immunohistochemically assessed by the avidin-biotin- 
peroxidase complex method, as previously described 
(8,10). Rabbit anti-rat type HI collagen polyclonal 
antibody (Cosmo Bio, Inc., Tokyo, Japan) and anti-a- 
smooth muscle actin monoclonal antibody (Dako 
Japan, Inc., Kyoto, Japan) were employed. 

For the morphometric semi-quantitative analysis of 
activated stellate cells in the livers of rats fed a CDAA 
diet, an m-CDAA diet, or a CDAA diet with TJ-9 for 
16 weeks, we measured a-smooth muscle actin-positive 
cells in 6 ocular fields per specimen as percent area 
at 40X magnification using an image analysis system 
(Personal Image Analysis System LA-555; Pias, Ltd., 
Osaka, Japan). The number of a-smooth muscle actin- 
positive cells was expressed as a percentage of the total 
area of the specimen, as previously described (10). In 
addition, the area of GST-P-positive lesions was meas- 
ured using the same system and expressed as a percen- 
tage of the total area of the specimen, as previously 
described (8). 

Electron microscopy 

Morphological changes in stellate cells were also ex- 
amined by electron microscopy. Liver tissue speci- 
mens were sliced into small pieces and fixed with 
2.5% glutaraldehyde and 1% OsCU. Then, the tissues 
were dehydrated, substituted by propylene, and em- 
bedded in epoxy resin. Thin sections were double- 
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stained with uranyl acetate and lead citrate and then 
examined by transmission electron microscopy (H- 
800, Hitachi, Tokyo, Japan), as previously described 
(10). 

Hydroxy proline content 

Hydroxyproline content was determined by the modi- 
fied Kivirikko method, as previously reported (10). 
Briefly, liver specimens were weighed and 20 mg of 
freeze-dried sample was hydrolyzed in 6-M HC1 at 
1 10°C in an autoclave at a pressure of 1.2 kgf/cm 2 for 
24 h. After centrifugation at 2000 rpm at a tempera- 
ture of 4°C for 5 min, 2 ml of supernatant was mixed 
with 50 ml of 1% phenolphthalein and 8-N KOH to 
obtain a total volume of 5 ml liquid at pH 7-8. Then, 
2 ml of this solution was stirred with 2 g of KG and 1 
ml of 0.5-M borate buffer (pH 8.2) for 15 min at room 
temperature and for another 1 5 min at 0°C after which 
1 ml of 0.2-M chloramine T solution was added and 
stirred for 60 min at 0°C After addition of 2 ml of 3.6- 
M sodium thiosulfate, the solution was incubated for 
30 min at 120°C and stirred with 3 ml of toluene for 
20 min. Next, 0.8 ml of Ehrlich's solution was added 
to 2 ml of supernatant after centrifugation at 2000 rpm 
at 4°C and left for 30 min at room temperature. 
Absorbance was measured at 560 nm. The hydroxypro- 
line content of the liver was expressed as //g/g wet 
weight. 

Probes 

The following probes were used in this study. A 700-b 
EcoRl/Hind III fragment of the complementary de- 
oxynucleic acid (cDNA) of type III procollagen alpha 
1 excised from the pBr322 clone (1 1) and glyceralde- 
hyde-3-phosphate dehydrogenase (G3PDH) (12), pur- 
chased from American Type Culture Collection (Rock- 
ville, MD, USA). 

Northern blot analysis 

Total RNA was isolated from the liver tissue by extrac- 
tion of guanidine isothiocyanate and centrifugation in 
cesium chloride (13). PoIy(A) + RNA was selected by 
o!igo(dt)-cellular chromatography (14). Five micro- 
grams of po!y(A) + RNA from each sample were elec- 
trophoresed in 1% agarose gel containing 0.66 mol/1 
formaldehyde and ethidium bromide (0.66 //g/ml). 
Then, Northern blot analysis was carried out as pre- 
viously described (10). 

Statistical methods 

Results are expressed as mean±SD, and the data ob- 
tained were evaluated by ANOVA as appropriate. The 
level of significance was set at 5% for each analysis. 



Ethical considerations 

This experiment was reviewed by the Committee for 
Ethics in Animal Experiments of Yamaguchi Univer- 
sity School of Medicine and carried out under the 
Guidelines for Animal Experiments of Yamaguchi 
University School of Medicine and Law No. 105 and 
Notification No. 6 of the Japanese Government. 

Results 

Hydroxyproline content of the liver 
As 1% (w/w) of TJ-9 has been reported to be effective 
against the development of hepatic foci induced by N- 
nitrosomorpholine (15), we used this concentration of 
TJ-9 to examine its effects on liver fibrosis and preneo- 
plastic (GST-P-positive) lesions induced by a CDAA 
diet. 

Rats fed a CDAA diet and rats fed an m-CDAA diet 
for 16 weeks (w=30 in each group) showed increased 
liver hydroxyproline contents of 546±I34 and 
563±I5I //g/g wet weight, respectively, compared with 
147±43 //g/g wet weight for rats fed a CSAA diet (n= 
10). The addition of 17.8 mg/kg of choline bitartrate, 
which is equivalent to the choline content in 1% TJ-9, 
to the CDAA diet to produce the m-CDAA diet had 
no effect on the hydroxyproline content of the liver. 
The administration of 1% TJ-9 significantly (/?<0.0I) 
reduced the hydroxyproline content of the liver 
{411 ±171 //g/g wet weight, n=30) compared with 
values observed in rats fed the CDAA or m-CDAA 
diet (Table 1). The addition of 1% TJ-9 to the CSAA 
diet had no effect on the hydroxyproline content of the 
liver (144±52 //g/g, n=\0) (Table 1). 

There was no difference in total food intake among 
the experimental groups (Table 2), and the weight gain 
of the rats in this experiment was almost same as that 
previously observed in rats fed a CSAA or CDAA diet 
ad libitum (data not shown). This indicates that caloric 
restriction did not influence the results obtained for the 
rats in any of the experimental groups. 

Serum markers of liver fibrosis 

Hyaluronic acid has also been reported to reflect the 
extent of liver fibrosis (16). In this model, rats fed a 
CDAA diet for 16 weeks showed an increased serum 
hyaluronic acid level of 76±47 ng/ml, compared with 
35 ±8 ng/ml for rats fed a CSAA diet. Concurrent ad- 
ministration of 1% TJ-9 significantly reduced this in- 
crease in hyaluronic acid to 55 ±26 ng/mh in parallel 
with the reduction in hydroxyproline content (Table 1). 
In addition, 1% TJ-9 did not reduce the increase in 
serum ALT level (Table 1) or AST level (data not 
shown). Thus, the inhibition of fibrosis by TJ-9 cannot 
be attributed to the prevention of hepatocyte cell in- 
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Fig. 1. Photomicrographs of liver sections stained with anti-rat type 111 collagen antibody from a male Wistar rat fed 
CDAA diet for 16 weeks (A) and from a rat fed a CDAA diet with 1% TJ-9 for 16 weeks (B). Magnification 100X. 




Fig. 2. Photomicrographs of liver sections stained with anti-rat a-smooth muscle act in antibody from a male Wistar rat fed 
an m-CDAA diet for 16 weeks (A,C),from a rat fed a CDAA diet with 1% TJ-9 for 16 weeks (B), and from a rat fed a 
CSAA diet for 16 weeks (D). Magnification: A, B, D 100X; C 400X. 



jury resulting in fibrosuppression, and this increase in 
serum ALT may reflect the residual hepatocytes pres- 
ent in the fibrotic liver resulting from the prevention of 



fibrosis by TJ-9, as shown in a previous report (10). 
The administration of 1% TJ-9 to rats fed a CSAA diet 
did not affect serum ALT and AST levels (data not 
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TABLE I 

Effect or TJ-9 on various markers 



Treatment 
(no. of rats) 



Hydroxyproline 
(;/g/g wet wi) 


a-Smooth muscle 
actin-positive cells (%) 


GST-P-positive lesions 
(%) 


Hyaluronic acid 
(ng/ml) 


ALT 

ium 


546±I34 

563±15l 

4II±17I** 

147-43 

144-52 


3.59±2.36 
3.88+2.61 
2.80-2.23* : 
O.I3±0.04 
0.1 2 :± 0.04 


3.42-3.85 

4.81-3.84 

1.58-1.75* : 

0 

0 


76 ±47 

65±3I 

55±26* 

35-8 

33-9 


97-33 
I18±78 
140-52* 

24-5 

27±6 



CDAA (30) 
m-CDAA (30) 
CDAA+l%TJ-9<30> 
CSAA(IO) 
CSAA+1% TJ-9 (10) 



Note: Values are mcan-SD. 
*/><0.0l vs. CDAA. 
: /K0.01 vs. m-CDAA. 
* /><0.05 vs. CDAA. 

Hydroxyproline was measured as described in the text. Percent area of a-smooth muscle actin-positive cells was assessed using an image analysis 
system as follows: the number of a-smooth muscle actin-posilivc cells in 6 ocular fields per specimen was assessed as percent area at 40x 
magnification. The percent area of GST-P-positive lesions was also assessed using an image analysis svstem. as described in the text 



shown). These findings indicate that 1% TJ-9 did not 
exhibit any hepatotoxicity. 

Histological findings 

The livers of rats fed an m-CDAA diet or a CDAA diet 
for 16 weeks showed extensive accumulation of type 
III collagen, representing the extracellular matrix (Fig. 
1 A). Co-administration of 1% TJ-9 prevented the ac- 
cumulation of type III collagen (Fig. IB), similar to 
the findings of reduced hydroxyproline content in the 
liver (Table I). Activated stellate cells, which express cr- 
smooth muscle actin and are therefore also called myo- 
fibroblast-like cells, showed marked proliferation in the 
livers of rats fed an m-CDAA diet or a CDAA diet for 
16 weeks (Fig. 2A). The addition of 1% TJ-9 reduced 
the number of cr-smooth muscle actin-positive cells in 
the liver (Fig. 2B). Also, semi-quantitative analysis 
showed that 1% TJ-9 significantly reduced the number 
of a-smooth muscle actin-positive cells compared with 
a CDAA diet or an m-CDAA diet (Table 1). The cells 
stained by anti-cr-smooth muscle actin monoclonal 
antibody in the livers of rats fed a CSAA or 
CSAA + 1% TJ-9 diet were restricted to the vessels, as 
shown in Fig. 2D. The values obtained in these speci- 
mens were very small and seemed not to be related to 
the values observed in rats fed a CDAA, m-CDAA, or 
CDAA+ 1% TJ-9 diet (Table 1 ). These findings suggest 
that the prevention of fibrogenesis by TJ-9 is related to 
its inhibitory effect on the activation of stellate cells. 

Transmission electron microscopy also revealed that 
many stellate cells in the livers of rats fed a CDAA diet 
alone or an m-CDAA diet alone for 16 weeks shared 
the same characteristic morphology, i.e., few fat drop- 
lets and extended rough endoplasmic reticulum, the so- 
called myofibroblast-like cell (activated stellate cell) 
(Fig. 3A) (17,18). Administration of 1% TJ-9 tended 
to prevent the loss of fat droplets and reduced the ex- 



tent of rough endoplasmic reticulum, with cells show- 
ing morphological characteristics similar to those of 
cells in the resting state (Fig. 3B), as seen in the livers 
of rats fed a CSAA diet. 

Northern blot hybridization ofmRNA in the liver 
A 5.4-kb segment of a,(fH) procollagen transcript was 
clearly demonstrated by the Northern-blot analysis of 
poly (A) + RNA isolated from the livers of rats fed an 
m-CDAA diet alone or a CDAA diet with 1% TJ-9 
(Fig. 4). The levels of or ,( III) procollagen mRNA ex- 
pression were markedly increased in the livers of rats 
fed an m-CDAA diet alone for 16 weeks, compared 
with the livers of rats fed a CSAA diet, in which ex- 
pression was not detected (data not shown). Densito- 
metry analysis oF gt,(I1I) procollagen, as shown in Fig. 
4, after standardization against the expression of 
G3PDH, indicated that the expression of a,(III) pro- 
collagen in rats fed a CDAA+1% TJ-9 diet was sig- 



TABLE 2 



Body weight and food intake 


Treatment 


Initial body wt 


Final body wi 


Net food 


(no. of rats) 


<g> 


<g> 


intake (g/rat) 


CDAA (30) 


152-4 


3I8±18* 


I644±|| 


m-CDAA (30) 


152-5 


31 1 ±24* 


1645±I4 


CDAA + 1% 


152±5 


308±19 : 


1641±12 


TJ-9 (30) 








CSAA (10) 


153-3 


365±I9 


1651 


CSAA+1% 


153 ±4 


368±I8 


1640 


TJ-9 (10) 









Values are mean±SD. 

* p<0\)\ vs. CSAA. 

: /VS vs. CDAA and m-CDAA. 

Net food intake of CDAA. m-CDAA. and CDAA+1% TJ-9 diets 
was measured as mcan-SD of total food intake for each cage of 5 
rats over 16 weeks. For rats fed a CSAA or CSAA+1% TJ-9 diet, 
mean total food intake over 16 weeks for 2 cages was measured. 
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Fig. 3. Electron micrographs of representative stellate cells in the livers of rats fed an m-CDAA diet (A) or a CD A A diet 
with 1% TJ-9 ( B) for 16 weeks. (A) Fat droplets are rarely seen, and the rough endoplasmic reticulum is markedly extended. 
(B) Fat droplets remain, and extension of the rough endoplasmic reticulum is not as marked as in (A). 



1 2 3 4 5 6 




Collagen III 



G3PDH 



Fig. 4. Messenger RNA expression of a t (HI) procollagen 
and G3PDH in the livers of rats fed an m-CDAA diet alone 
(lanes /, 2. 3) or a CD A A diet with 1% TJ-9 (lanes 4, 5, 
6) for 16 weeks. The figure shows a representative example 
of 3 independent Northern blots. 



nificantly (p<0.05) reduced compared to that in rats 
fed an m-CDAA diet (0.1 57 ±0.03 vs. 0.1 95 ±0.04. /*= 
9 in each group). There was no significant difference in 
ai(III) mRNA expression in the livers of rats fed an 
m-CDAA diet or a CDAA diet (data not shown). 

Thus, the prevention of fibrosis by TJ-9 can presum- 
ably be attributed to the prevention of procollagen 
gene expression. 

Effect of TJ-9 on GST-P-positive lesions 
Typical GST-P-positive nodules surrounded by fibrous 
septa are shown in Fig. 5. In this model at 16 weeks, 
GST-P-positive lesions consisted mainly of these nod- 
ules. 

The results of semi-quantitative analysis of GST-P- 
positive lesions in the liver at the end of the study are 
summarized in Table 1. Administration of a CDAA 
diet for 16 weeks was associated with the development 
of a large number of GST-P-positive lesions. The con- 
comitant administration of 1% TJ-9 significantly re- 
duced the area of GST-P-positive lesions, in parallel 
with the reduction in hydroxyproline content, com- 
pared with the livers of rats fed a CDAA or an m- 
CDAA diet. GST-P-positive lesions in rats fed a 
CDAA+1% TJ-9 diet (Fig. 5B) tended to be smaller 
nodules, but administration of 1% TJ-9 did not sig- 
nificantly affect the histological findings other than the 
reduction in the formation of fibrous septa, e.g., liver 
necrosis and fatty liver as well as inflammatory cells 
(which are rarely seen), as previously reported (8). The 
relation between a-smooth muscle actin-positive cells 
and GST-P-positive nodules was also examined, and a 
significant correlation was observed, as shown in Fig. 
6. 
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Discussion 

In this study, oral administration of l% TJ-9 signifi- 
cantly prevented the development of GST-P-positive 
lesions in parallel with a reduction in the hydroxypro- 
line content of the liver in CDAA diet-induced or m- 
CDAA diet-induced liver cirrhosis (Table I). Because 
the choline content of l% (w/w) TJ-9 is equivalent to 
17.8 mg/kg of choline bitartrate, this amount of chol- 
ine was added to the CDAA diet to produce the m- 
CDAA diet as an accurate experimental control. 

The hydroxyproline content of the liver in rats fed a 
CDAA diet with 1% TJ-9 was significantly lower than 
that in rats fed a CDAA diet or an m-CDAA diet for 
16 weeks. Thus, the fibrosuppressive effect of \% TJ-9 
cannot be attributed to the additional choline it con- 
tributed to the CDAA diet. Another possibility is the 
inhibition of free radical processes by TJ-9, because 
hepatocyte cell death induced by a CDAA diet is re- 
lated to free radical processes (19). However, the in- 
crease in serum ALT and AST levels was not reduced 
in rats fed a CDAA diet with TJ-9 (Table 1 ). Thus, 1% 
TJ-9 had no protective effect against free radical-re- 
lated hepatocyte cell injury in the CDAA-diet model. 
In fact, the serum ALT and AST levels in rats fed a 
CDAA diet with 1% TJ-9 were higher than those in 
rats fed a CDAA diet alone or an m-CDAA diet. This 
may be due to the residual hepatocytes present in the 
less fibrotic liver, and the inhibition of fibrosis by TJ-9 
cannot be attributed to a direct action in preventing 
liver cell injury, as was previously reported for this ex- 
perimental fibrosis model (10). The administration of 
1% TJ-9 to rats fed a CSAA diet did not increase the 
serum ALT and AST levels (Table 1), indicating that 
this agent is safe and has no hepatotoxic effect. 



In this CDAA-diet model of liver cirrhosis, 1% TJ- 
9 prevented the accumulation of hydroxyproline, which 
reflects the amount of collagen in the liver (Table 1). 
This prevention of hydroxyproline accumulation was in 
agreement with the reduced level of serum hyaluronic 
acid, as a marker of fibrosis (Table I). 

Histological findings also supported the prevention 
of liver fibrosis by TJ-9 in the CDAA-diet model (Fig. 
1 A and B). Administration of 1% TJ-9 did not notably 
change the histological findings, e.g., fatty changes, 
other than the reduced formation of fibrous septa. The 
expression of or-smooth muscle actin has been reported 
to be a marker of stellate cell activation (20,21). The 
administration of 1% TJ-9 significantly prevented the 
activation of stellate cells (Fig. 2A and B), as assessed 
by anti-or-smooth muscle actin antibody, which stains 



GST P-po*ltlv» lailsn* 



1 6 - i - o.eos 




2 * « 8 10 12(%) 

o-«n»»oth ibuicI* tctln-poftltlv* c«M» 

Fig. 6. The relationship between GST-P-positive lesions and 
a-smooth muscle act in-positive cells in the liver of rats fed 
a CDAA, m-CDAA. and CDAA + l% TJ-9 diet (n=90) 
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these cells only when they are activated, and electron 
microscopic findings (Fig. 3A and B). Semi-quantitat- 
ive analysis showed that the addition of 1% of TJ-9 
significantly reduced the number of a-smooth muscle 
actin-positive cells (activated stellate cells) compared 
with that seen in the livers of rats fed a CDAA or m- 
CDAA diet (Table 1). Moreover, as shown in Fig. 4, 
1% TJ-9 significantly reduced type HI procollagen 
mRNA expression in the livers of rats fed a CDAA 
diet for 16 weeks compared with rats fed an m-CDAA 
diet, which is an accurate experimental control. Thus, 
the point of fibrosuppression by TJ-9 appears to be at 
the level of procollagen mRNA. 

The stellate cell is now considered to be the main 
collagen-producing cell under non-physiological con- 
ditions (22-25). Our results suggest that TJ-9 prevented 
the accumulation of collagen proteins, presumably by 
inhibiting the activation of stellate cells, as indicated 
by the expression of a-smooth muscle actin-positive 
cells (Fig. 2) as well as electron microscopic findings 
(Fig. 3), leading to reduced expression of procollagen 
mRNA in proportion to the reduced production of col- 
lagens, including type III (Fig. 4). 

With regard to the serum hyaluronic acid level, 
there was no significant difference between rats fed 
an m-CDAA diet and those fed a CDAA diet with 
1% TJ-9. However, there was at least a tendency to- 
wards a decrease, and 1% TJ-9 in a CDAA diet did 
reduce the hydroxyproline content and mRNA ex- 
pression in the liver, which are more important for 
the evaluation of fibrosis, compared with an m- 
CDAA diet. Thus, these data indicate that TJ-9 has 
a direct inhibitory effect on stellate cell activation. 
TJ-9 has also been observed to reduce the expression 
of or, (III) and a 2 (I) procollagen mRNAs as well as 
the proliferation of isolated stellate cells. At least one 
of the components of TJ-9, baicalein, has a direct in- 
hibitory effect on stellate cell activation, and other 
components are currently under investigation (Kay- 
ano et al., unpublished data, July 1997). 

Finally, the prevention of preneoplastic lesions 
(GST-P-positive lesions) by TJ-9 may be attributable to 
the prevention of liver fibrosis by the inhibition of stel- 
late cell activation, as previously reported (Table 1) (8). 
After 16 weeks on a CDAA diet alone, GST-P-positive 
lesions mainly consisted of nodules surrounded by fi- 
brous septa, resulting in the formation of pseudolobuli 
(Fig. 5). The liver hydroxyproline content reflects the 
amount of collagen fibers making up the fibrous septa 
(26). Thus, the inhibition of GST-P-positive lesions by 
TJ-9 can be presumed to be attributable to the preven- 
tion of pseudolobule formation by fibrous septa. In ad- 
dition, the inhibition of carcinogenesis by TJ-9 could 
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be attributed to, for example, the prevention of DNA 
hypomethylation, which is thought to be one possible 
mechanism of carcinogenesis (27,28). Because fibrosis 
(pseudolobule formation) may interfere with methyl 
delivery through blood flow, the reduction of fibrosis 
(pseudolobule formation) could reduce DNA damage 
and GST-P-positive lesions. The significant relation ob- 
served between a-smooth muscle actin-positive cells 
and GST-P-positive nodules (Fig. 6) also supports the 
hypothesis that fibrosuppression by inhibition of stel- 
late cells prevents the development of GST-P-positive 
nodules. However, TJ-9 has a number of effects on the 
immune system (29), and these effects on preneoplastic 
lesions could be the result of its activity as a biological 
response modifier. Although immunological mechan- 
isms could not be completely excluded by architecture 
and the absence of inflammatory cells, the presence of 
inflammatory cells, though rare, with or without TJ-9 
in the CDAA diet model suggests that the inhibitory 
effect of TJ-9 on preneoplastic lesions is not due to its 
effect on the immune system. Moreover, the mechan- 
ism of cell death induced by a choline-deficient diet 
is now thought to be the result of oxidative stress, as 
described above (19). 

Although another possibility is that the inhibitory 
effect of TJ-9 is attributable to its anti-tumor effect, 
as previously reported (3-6,30), the effect of TJ-9 on 
preneoplastic lesions remains unknown, and long-term 
experiments to determine whether TJ-9 actually pre- 
vents the development of neoplasms in the liver are re- 
quired. However, our data suggest that the chemoprev- 
entive effect of TJ-9 on human hepatocellular carci- 
noma (3) can be attributed to the prevention of fibrosis 
(8), and TJ-9 is one of the few drugs currently available 
which is effective in interferon-unresponsive patients 
with chronic hepatitis. 

In summary, the herbal medicine Sho-saiko-to (TJ- 
9) prevented liver fibrosis in choline-deficient diet-in- 
duced liver cirrhosis in rats, presumably by inhibiting 
stellate cell activation, resulting in the reduced develop- 
ment of preneoplastic lesions. 
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